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Background
Lung cancer is one of the most common forms of cancer
and the leading cause of cancer death worldwide, with to-
bacco smoking as the main cause [1]. In Norway, as in
other western countries, smoking was more prevalent
among men and in the highest social classes six to seven
decades ago [2]. The proportion of male smokers in-
creased until the 1960s, when it was around 65%. Among
women, the peak (35%) occurred in the late 70’s [2]. From
1930 until the turn of the century, men have consumed
more than 70% of the cigarettes smoked in Norway [3].
The decline in smoking prevalence occurred first and pro-
ceeded fastest among those with long education [4]. In
Norway, lung cancer mortality for men has been declining
since 2011, whereas as of 2013 it is still increasing for
women [5]. Due to the lag period between start of smok-
ing and lung cancer death, current mortality rates reflect
smoking trends two to three decades earlier [6].
Neither the most recent World Cancer Report [1] nor
the United States Surgeon General Report [7] discuss a
possible sex difference in the risk of smoking associated
lung cancer mortality. In 2001, Tverdal reported that
among Norwegians under 50 years of age, lung cancer
mortality was higher in women than in men [8]. Later
Jha et al. reported from a US cohort, that among current
compared with never smokers, women had a higher lung
cancer mortality compared with men [9]. Since men and
women have entered the stages of the smoking epi-
demic at different calendar times [10], a possible sex
difference for smoking and lung cancer mortality may
just have started to emerge. Education, an indicator
of socioeconomic status is inversely associated with
cancer mortality [11, 12].
Studies from Europe have reported an increased risk
of lung cancer in participants of low socioeconomic sta-
tus despite accounting for smoking habits [13, 14]. To
our knowledge, no other prospective cohort studies have
examined lung cancer mortality by sex and education.
The objectives of the study were to explore a potential
heterogeneity in smoking associated lung cancer mortal-
ity by sex and education.
Methods
Study population
The study population has been previously described [15]
and comprises three national Norwegian health studies
conducted between 1974 and 2003 by the Norwegian
National Health Screening Service. Selection of partici-
pants was based on year of birth and residence (munici-
pality or county). The response rate in the three studies
varied from 56 to 88% [16]. Briefly, the three surveys used
a similar protocol and study design, but there were some
modifications made during different time periods, mainly
due to questionnaires regarding smoking, physical activity
and other lifestyle factors. Altogether 595,675 participants
remained in the analytical cohort after exclusion of 40,091
participants due to emigration or death before the start of
follow-up, missing information on vital status, measures
of smoking exposure, education, or missing of any of the
covariates included in the analyses.
The present study was approved by the Regional
Committee for Medical Research Ethics South-East,
Norway, and the National Data Inspectorate.
Exposure information
The questionnaires elicited information on current
and former daily smoking, smoking duration in years
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(continuous), and average number (continuous) of
cigarettes smoked per day.
Among the 373,283 ever smokers in our sample, the
proportion of missing values was 5% (n = 18,886) for
smoking duration, number of cigarettes per day, and
pack-years (i.e., number of cigarettes smoked per day, di-
vided by 20, multiplied by the smoking duration in
years).
We categorized current smokers according to smoking
duration in years (1–19, 20–29, ≥30), number of ciga-
rettes smoked per day (1–10, 11–20, > 20), and pack-
years (1–9, 10–19, ≥20).
We classified participants by level of education into
three categories: < 10, 10–12, and ≥ 13 years by using the
most recent information regarding duration of education
obtained from Statistics Norway. We classified for
physical activity in three: [sedentary (reading, watching
television, and sedentary activity), moderate (walking, bi-
cycling, and/or similar activities ≥4 h per week), and
heavy (light sports or heavy gardening ≥4 h per week,
heavy exercise, or daily competitive sports)] categories.
We calculated BMI as weight in kg divided by height in
m2 and classified in three and classified in three (< 18.5
kg/m2, 18.5–24.9 kg/m2, ≥25.0 kg/m2) categories. All
variables were obtained at study enrollment. As ques-
tions on alcohol consumption were only included from
1994 onwards, information on alcohol consumption was
missing in 73% of the participants in the analytical
cohort.
Follow-up and endpoints
The data were linked to the Cancer Registry of Norway,
the Norwegian Cause of Death Registry, and the Central
Population Register by the national, unique 11-digit
personal identification number. Lung cancer mortality
was classified according to the eight, ninth and tenth re-
visions of The International Classification of Diseases
(ICD-8, ICD-9, ICD-10). Follow-up ended at the time of
death from primary lung cancer, death from any other
causes, emigration, or the end of follow-up (December
31, 2013), whichever occurred first.
All deaths connected to primary incident carcinomas
of the trachea, bronchus, and lung (ICD-8 code 162 or
corresponding codes from ICD-9 and ICD-10) were in-
cluded as endpoint, i.e. death from lung cancer.
Statistical analysis
We calculated the age-standardized (European Standard
Population) overall lung cancer mortality rate by smok-
ing status, and categories of education [17].
We used Cox proportional hazards model with
attained age between cohort entry and exit as the under-
lying time scale to estimate the multivariable-adjusted
hazard ratios (HRs) with 95% confidence intervals (CI),
for the associations between different measures of
smoking exposure and lung cancer mortality. We used
stratified Cox models by cohort study and birth cohort
(≤ 1950 and > 1950) to overcome any probable hetero-
geneity for these variables. A priori we considered
alcohol, physical activity, BMI and education as possible
confounders. We tested for interaction between smoking
status and sex, and between smoking and education, and
decided to stratify by sex and by education. We decided
to adjust on BMI and physical activity, but did not
include alcohol as a covariate because of a lot of missing
data. We estimated dose-response associations among
current smokers for the following variables measured
continuoulsy: smoking duration in 10 years, number of
10 cigarettes smoked per day, number of 10-pack-years,
and lung cancer mortality overall. Never smokers were
not inluded in these analyses.
Subsequently, we tested for linear trend for smoking
exposure (smoking duration, cigarettes smoked per day
and pack-years) among current smokers based on the
median value in each category, using the lowest category
of each measure of smoking exposure as reference.
We used the Wald test to assess heterogeneity by sex
and by education for the associations between different
measures of smoking exposure and lung cancer mortal-
ity. We tested and found that the criteria for the propor-
tional hazard assumption were met using Schoenfeld
residuals (data not shown).
Subsequently, we performed the same analyses after
excluding individuals who died from lung cancer within
< 2 years of follow-up, and we also performed the same
analyses after excluding participants with prevalent
cancer.
We conducted all analyses using STATA version
14.0 (Stata Corp.). We considered two-sided p-values
of < 0.05 as statistically significant.
Results
During the nearly 12 million (48% men) person-years of
observation and an average of 19 years of follow-up, we
identified 5702 (58% men) lung cancer deaths.
Altogether 39% were current, 24% former and 37% never
smokers at enrollment. The majority (55%) of partici-
pants had from 10 to 12 years of education, 23% had less
than 10 years, and 22% had 13 years or more. The overall
crude LC mortality rate was 6,1 per 100,000 among
never, 23,9 per 100.000 among former and 99,2 per
100.000 among current smokers. The corresponding
rates for those at the lowest, middle and highest level of
education was 87,6 per 100,000, 38,7 per 100,000 and
20,4 per 100,000, respectively. There was an interaction
between smoking and sex (P < 0.0001), and a borderline
interaction between smoking and education (P = 0.06).
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Table 1 shows that compared with women, men were
more likely to be ever (current or former) smokers, and
to have smoked more pack-years for all three levels of
education. The proportion of never smokers were 41%
in women and 33% in men. More men (23%) than
women (20%) were in the highest level of education.
Women with the longest education had the highest
(57%) proportion of never smokers. Among both men
and women the number of lung cancer deaths was high-
est in the less educated (Table 1).
Additional file 1: Table S1 shows that the mean age at
enrollment was 40, 43 and 48 in the Norwegian Counties
Study, the 40 years Study and Cohort of Norway
(CONOR) respectively. The Norwegian Counties Study
was characterized by lower level of education and higher
proportion of current smokers than the 40 years study and
CONOR (Additional file 1: Table S1).
Table 2 shows that compared with sex-specific never
smokers, current smokers had a lung cancer mortality
hazard ratio of 20.05 (95% CI 16.25–24.74) for men, and
13.97 (95% CI 11.98–16.29) for women (Pheterogeneity =
0.01). For each 10-years increase in smoking duration
women had a 65% higher hazard ratio [HR: 1.65 (95% CI
1.54–1.78)] and men a 36% higher HR [HR: 1.36 (95% CI
1.28–1.44)] (Pheterogeneity < 0.01). For women compared
with men, current smokers had a greater increase in lung
cancer mortality per unit of number of cigarettes per day
and number of pack-years (Both Pheterogeneity < 0.01)
(Table 2).
Additional file 2: Table S2 shows the multivariable HR
for lung cancer mortality according to categorical
measures of smoking exposure for current smokers by
sex compared with sex specific never smokers. The
estimates did not vary much by sex, except that men
who had smoked < 20 years, had a higher HR [HR: 11.78
(95% CI 9.26–14.98)] compared with women [HR: 7.29
(95% CI: 6.05–8.78)] (Pheterogeneity < 0.01). For those who
had smoked less than 10 pack-years, men had a
higher HR compared with women (Pheterogenety = 0.02)
(Additional file 2: Table S2).
Table 1 Characteristics of the study population by education, the Norwegian Health Screening Surveys, 1974–2003, (N = 595,675)
Characteristics Education in years
< 10 10–12 ≥13 All











































Person-years of follow up 1,365,688 1,666,446 3,106,850 3,429,805 1,314,443 1,224,279 5,786,981 6,320,530
Body mass index (mean, SD) 26 (3) 25 (4) 26 (3) 25 (4) 25 (3) 24 (4) 26 (3) 25 (4)
Heavy physical activityb (%) 28 14 36 22 41 28 35 20
Never smokers (%) 20 33 32 38 50 57 33 41
Former smokers (%) 27 18 27 22 26 23 27 21
Current smokers (%) 53 49 41 40 24 20 40 38















































































































bHeavy physical activity: light sports or heavy gardening ≥4 h/week, heavy exercise or daily competitive sports
cDuration of smoking, cigarettes smoked per day and pack-years in ever smokers
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Table 3 shows that among never smokers, women with
the lowest level of education had the highest age-
adjusted lung cancer mortality rate which was (16.7 per
100,000 person-years). The highest rate was among the
less educated current smokers for both men (319.0 per
100.000 person-years) and women (183.0 per 100,000
person-years). For all three levels of education, males
had a higher lung cancer mortality rate compared with
females for both former and current smokers (Table 3).
Table 4 shows that for male current smokers the HR
did not vary for the different categories of smoking ex-
posure when we compared those with the lowest and
highest level of education (all Pheterogeneity > 0.05). For fe-
male current smokers there was a significant difference
between those with < 10 years [HR: 15.85 (95% CI
12.32–20.38)] compared with those with ≥13 years of
education [HR: 9.41 (95% CI 6.49–13.68)] (Pheterogeneity <
0.01). For female current smokers the HR in the lowest
category for the three smoking exposures (duration of
smoking, cigarettes smoked per day and pack-years)
were significantly higher when we compared those with
the lowest and highest level of education (all Pheterogene-
ity < 0.02) (Table 4).
The results did not change substantially when we ex-
cluded individuals who died from lung cancer within <
2 years of follow-up. The results stayed the same when
we excluded those with prevalent cancer at enrollment
(data not shown).
Discussion
In this large Norwegian cohort study, we found that
more men were current or former smokers, more were
heavy smokers and more smokers had died from lung
cancer, regardless of level of education, compared with
women. For both men and women, those with the
lowest compared with the highest level of education,
were more likely to die from lung cancer regardless of
smoking status. However, when we analyzed the three
smoking exposure measures for current smokers as con-
tinuous variables, female smokers seem to be more likely
to die from lung cancer, for increments of 10 years of
smoking, 10 cigarettes/day and 10 pack-years compared
with male smokers.
Our results are in line with those of other prospective
cohort studies [18–21] and a meta-analysis of three pro-
spective cohort studies [22], which have found that com-
pared with females, males are heavier smokers and die
more from lung cancer. In the present study, we ob-
served a difference in lung cancer mortality between
male and female smokers, while several other cohorts
did not [18–23]. These studies did not use continuous
measures for smoking exposure as we did, but rather
broad categories for number of cigarettes smoked per
day. Thus men may be in the upper and women in the
lower part of a specific category, but still be classified as
being similarly exposed. The US cohort, with 17,670
cases, found a virtually identical lung cancer mortality
rate for male and female current smoker in the most re-
cent time periods, while for the earliest cohorts they ob-
served a higher risk for men, reflecting the differences in
smoking prevalence by sex [22], and the stages of the
Table 2 Hazard ratiosa for lung cancer mortality according to smoking status and continuous measures of exposure








Never 91 1.00 (ref) 188 1.00 (ref)
Former 459 4.08 (3.25–5.11) 208 2.71 (2.22–3.30) 0.01
Current 2773 20.05 (16.25–24.74) 1983 13.97 (11.98–16.29) 0.01
Duration of smoking, 10-years
b 2761 1.36 (1.28–1.44) 1969 1.65 (1.54–1.78) < 0.01
Cigarettes smoked per day, 10 per day
b 2676 1.48 (1.42–1.54) 1974 1.76 (1.66–1.86) < 0.01
Pack-years (10 years)
b 2269 1.39 (1.35–1.44) 1965 1.61 (1.54–1.69) < 0.01
a Multivariable Hazard ratios (95% CI) adjusted for body mass index, physical activity level, all at enrollment, and level of education
bPer 10-year increase in smoking duration, per 10-cigarettes increase number of cigarettes smoked per day, per 10 increase
in pack-years, for current smokers
Table 3 Age adjusteda lung cancer mortality rates per 100,000





< 10 10–12 ≥13 < 10 10–12 ≥13
Never 8,6 9,7 6,8 16,7 8,9 8,3
Former 83,8 56,7 51,0 47,2 26,5 24,6
Current 319,0 208,8 194,2 183,0 133,1 102,6
aAge adjusted according to the European Standard Population
bEducation: < 10 years, 10–12 years, ≥13 years
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Never smokersc 18 1.00 (ref) 54 1.00 (ref) 19 1.00 (ref)
Current smokers 1303 28.96 (18.17–46.14) 1216 16.01 (12.19–21.05) 254 22.50 (14.09–35.92) 0.45
Duration of smoking (years)
1–19 120 18.27 (11.08–30.12) 130 9.13 (6.61–12.61) 27 9.95 (5.49–18.03) 0.13
20–29 717 27.93 (17.43–44.74) 758 15.61 (11.80–20.66) 151 23.56 (14.51–38.25) 0.62
> 30 465 32.72 (20.35–52.62) 318 19.92 (14.65–27.09) 75 35.32 (19.59–63.69) 0.84
P for trendd < 0.01 < 0.01 < 0.01
Cigarettes smoked per day
1–10 400 20.71 (12.91–33.23) 262 8.98 (7.00–12.05) 53 12.26 (7.25–20.74) 0.15
11–20 684 34.57 (21.62–55.28) 710 19.00 (14.38–25.10) 142 27.96 (17.27–45.29) 0.54
> 21 165 54.57 (33.46–89.00) 211 33.76 (24.96–45.65) 49 50.24 (29.37–85.93) 0.82
P for trendd < 0.01 < 0.01 < 0.01
Pack-years
1–9 141 15.84 (9.68–25.92) 101 6.49 (4.65–9.05) 19 7.34 (3.88–13.91) 0.06
10–19 497 25.45 (15.88–40.78) 443 13.55 (10.20–18.00) 87 21.18 (12.85–34.89) 0.60
≥ 20 611 40.43 (25.28–64.65) 632 23.84 (18.04–31.54) 138 37.02 (22.78–60.17) 0.80
P for trendd < 0.01 < 0.01 < 0.01
Womena
HRs 95% CI
Smoking status Cases HRa 95% CI Cases HRa 95% CI Cases HRa 95% CI
Never smokers 70 1.00 (ref) 81 1.00 (ref) 37 1.00 (ref)
Current smokers 980 15.85 (12.32–20.38) 887 14.22 (11.28–17.92) 116 9.41 (6.49–13.68) < 0.01
Duration of smoking (years)
1–19 155 8.37 (6.21–11.29) 158 7.62 (5.78–10.06) 20 3.83 (2.20–6.65) 0.01
20–29 624 16.11 (12.32–21.08) 603 16.19 (12.70–20.63) 73 11.01 (7.35–16.48) 0.12
> 30 194 23.05 (17.16–30.97) 120 21.85 (15.79–30.25) 22 27.18 (13.30–55.52) 0.68
P for trendd < 0.01 < 0.01 < 0.01
Cigarettes smoked per day
1–10 458 12.81 (9.87–16.62) 326 9.43 (7.37–12.07) 36 5.15 (3.26–8.20) < 0.01
11–20 465 22.88 (17.50–29.92) 500 21.35 (16.75–27.22) 78 14.47 (9.66–21.69) 0.06
> 21 54 41.62 (28.75–60.25) 57 39.87 (28.22–56.34) 8 19.70 (9.04–42.97) 0.09
P for trendd < 0.01 < 0.01 < 0.01
Pack-years
1–9 197 8.31 (6.27–11.02) 148 6.08 (4.61–8.01) 18 3.31 (1.88–5.84) < 0.01
10–19 481 18.27 (14.05–23.77) 457 16.95 (13.31–21.60) 57 12.00 (7.89–18.25) 0.10
≥ 20 294 29.66 (22.60–38.93) 274 27.92 (21.66–35.98) 39 18.49 (11.68–29.26) 0.08
P for trendd < 0.01 < 0.01 < 0.01
a Multivariable Hazard ratios (95% CI) adjusted for body mass index and physical activity, both at enrollment
bHeterogeneity test for those with < 10 years of education compared with ≥13 years education
cNever smokers
dTrend test without never smokers
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smoking epidemic by sex described earlier [10]. Since
lung cancer mortality rates for Norwegian women have
not peaked yet, they may become higher than that for
the US women, which already in 2001 was warned by
Tverdal [8]. Jha et al. [24], have pointed out that the full
effects of smoking can take 50 years to measure in indi-
viduals, and up to 100 years to measure in populations.
The results from the present study and from that of
Tverdal [8], both showing sex differences in Norway,
may be early indicators of this long-term development
of sex differences in smoking related lung cancer mortal-
ity. Other indicators that the sex difference in smoking
related lung cancer mortality in the long-term effect of
smoking are our [15], and those of the US cohort [9].
An alternative explanation for the higher lung cancer
mortality in smoking females compared with men in our
study may be competing risk of death. Since men smoke
more than women, they have increased risk for dying of
other smoking-related diseases before they get lung
cancer.
In Norway, there is a marked social gradient for active
as well as passive smoking. The lower the education, the
more smoking [4]. As expected, the age standardized
rates of lung cancer mortality were highest in the less
educated male and female current smokers. For both
men and women, our results indicate that the less edu-
cated had a higher lung cancer mortality compared with
the highly educated. The difference by level of education
for both men and women should be interpreted with
caution, as this could be due to residual confounding by
smoking as there was a large proportion of heavy smok-
ing men and women, in the less educated. Another ex-
planation for smoking related difference in lung cancer
mortality by both sex and education could be related to
measures of socioeconomic status like passive smoking
from spouses, radon, occupational exposure and air pol-
lution. Similarly, studies from the EPIC (European Pro-
spective Investigation into Cancer and Nutrition) and
Sweden, respectively, observed a higher risk of lung can-
cer in the lower social class despite accounting for
smoking habits [13, 14].
Among never smokers, we observed that both men
and women in the lowest level of education died more
from lung cancer compared with their counterparts in
the highest level of education. A possible explanation
may be residual confounding by smoking as well as ex-
posure to occupational and passive smoking exposure.
Our study has several major strengths. It is based on a
large, prospective Norwegian cohort, comprising a high
proportion of male and female ever smokers, with long,
virtually complete follow-up. The questions on smoking
duration and number of cigarettes per day allowed re-
spondents to give open-ended answers which allowed us
to utilize continuous measures of smoking exposure.
Moreover, we have more than 5500 lung cancer deaths,
yielding higher precision of the estimates and power to
discover a true difference.
One limitation is that we only have information on
smoking and other potential confounders at study en-
rollment. Another limitation is that we lack information
on passive and occupational smoking.
Around 10% of the Norwegian population reported to
be occasional smokers in our follow-up period [25].
Some of them may have been included as never
smokers, which most likely will have attenuated the ob-
served associations between smoking and lung cancer
death. We do not believe that these limitations would
distort the smoking related sex difference in lung cancer
mortality revealed in our study.
Conclusion
Our findings, in this large cohort study, suggest that
women have increased risk of dying from lung cancer
compared with men, given the same smoking history. In
addition, low education confers an increased risk of
dying from lung cancer, which could be due to residual
confounding by active and passive smoking.
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